A Final Report to 


•(jy Z) 

£p/?AfJ / 

/M ~ ¥' 7- - £/& 


The National Aeronautics and Space Administration 
Grant NAG5-1308 



Collection and Analysis of 
Radar Rainfall and Satellite Data 
for the Darwin TRMM Experiment 


For the Period of 
1 December 1990 to 31 May 1991 


Submitted by 


David W. Martin, Principal Investigator 
Barry B. Hinton, Co-Investigator 


Space Science and Engineering Center 
at the University of Wisconsin-Madison 
1225 West Dayton Street 
Madison, Wisconsin 53706 
(608)-262-0544 


June 15, 1991 


(NASA-CR-163237 ) COLLECTION AND ANALYSIS OF 
RADAR RAINFALL ANO SATELLITE DATA FOR THE 
DARWIN TRNH EXPERIMENT Final Report, 1 Dec. 

1990 - 1 1 May 1991 (Wisconsin Univ.) 29 p 

CSCL 04R G 3 / 4 7 


N9 1-24710 


Unci as 
0019139 


I. Introduction 

During three of the last four years NASA’s Tropical Rain Measuring Mission and the 
Commonwealth Bureau of Meteorology have sponsored a wet-season rainfall experiment 
at Darwin, Australia. Darwin’s location, twelve degrees south of the equator, gives it a wet 
season which ordinarily runs from November through March. Although there have been 
variations from season to season, the underlying theme of these experiments (e.g., Keenan 
etal., 1988) has been study of the full range of rain systems occurring at a near-equatorial, 
monsoon site. 

To a greater or lesser degree each experiment has been designed around a single C- 
band (5.3 cm) Doppler radar (in all years the same radar). In acknowledgement of its main 
institutional sponsors (both American), this has come to be known as the National Oceanic 
and Atmospheric Administration/Tropical Oceans and Global Atmosphere radar (more 
briefly written the NOAA/TOGA radar). For convenience we refer to the collective set of 
experiments as the TRMM/BMRC (for Bureau of Meteorology Research Centre) Darwin 
Project. 

SSEC has played a role in two of these three experiments, 1989-90 and 1989-90. Our 
interests have been threefold: the collection of data on tropical rain systems; the im- 
provement of satellite techniques for estimating rainfall; and observations at first hand of 
the near-equatorial rain systems which for the most part we otherwise knew only from in- 
struments in space. In consecutive years the authors of this report each travelled to Dar- 
win to assist in the operation of the NOAA/TOGA radar. These trips — a total of four — 
were funded under two grants from NASA. 

We have reported elsewhere on the first of these grants (Martin and Hinton, 1989). 
Here we report on the second grant, NAG5-1308. 

II. Overview of the Grant 

Originally, there were two goals for Grant NAG5-1308. The first — and 
paramount — goal was to help gather a set of digital radar rainfall data over Australia’s 
Northern Territory. The second goal had five parts: first, test a video "skywatch" cloud 
camera; second, test a rain version of the Garand (1988) cloud classification algorithm; 
third, participate in the Global Precipitation Climatology Project algorithm intercompari- 
son; fourth, measure changes in sea-going rain systems; and fifth, assess the contribution of 
warm clouds to rainfall around Darwin. Including a no-cost extension of six months, the 
grant ran from 1 December 1990 through 31 May 1991. NASA awarded the University of 
Wisconsin-Madison $60,000. Because this award was two-thirds of the amount requested, 
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it was not possible to meet all parts of both goals. Instead, we chose to drop parts three, 
four and five of the second goal. 

m. Video Cloud Camera 

A, Purpose 

Holle (1987) discussed the desirability of "photogrammetry" of storms in association 
with radar and other field observations. Photogrammetry emphasizes that the images are 
quantitative data. From sequences of images one can extract measures of cloud growth and 
decay, evolution of cloud types and cloud motion (i.e. wind). From single images one can 
obtain cloud cover, cloud type(s), cloud organization, the azimuth and elevation of a cloud 
element. 

Our first year at Darwin underscored the relevance of Holle’s argument. Physical 
presence, including visual observations, enhanced our subsequent interpretation of radar 
data and standard weather products, such as surface charts. To make this sense of immedi- 
acy and personal observation permanent we often photographed the sky. Video is more 
cost effective than silver photography for large volumes of pictures (cheaper to record, and 
to replicate, and easier to view and handle subsequently). For our second year in Darwin 
we chose to record sky conditions by means of a video camera, patterned after cinematog- 
raphy often used in previous field programs. 


B. Design 

Desired features and parameters for consideration in both the equipment and instal- 
lation included the following: 


• Weather resistance 

• Good angular resolution 

• Pointing 

• Level of operator attention 

• Ease of data use 

• Availability 


• Wide field of view 

• Time compression 

• Navigation ( where is it pointing?) 

• Ease of implementation 
•Portability 

• Cost 


In addition, the design had several constraints. The primary one was cost. Because funds 
for the deployment were received relatively close to the departure date, time (equipment 
availability) was also a major constraint. 

Three basic system types were considered: (1) robotic or machine vision systems, 
(2) security systems, (3) consumer-entertainment video systems. Any of these would take 
advantage of commercially available hardware. Robotic cameras are generally small in 
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size, easily packaged and flexible with regard to frame rates, but require custom engineer- 
ing for a complete system. Often they have limited resolution and are usually monochrome. 
Security systems are available with remote pointing and weather resistant enclosures. They 
are often used with multi-source switching or sequencing recorders, which are also usually 
monochrome as are the cameras. We elected to base our installation on a consumer-type 
video camera in a weather resistant enclosure of our own fabrication. 

The camera system used (Philips Model-CPK816AV01) had the following features: 

• Half inch CCD • 9-54 mm zoom lens 

• 5.4-32.4 mm with x0.6 aux. lens 'Angular field of view 45° x 34° 

• Date and time annotation • Ambient temperature range 0-40°C 

• Humidity range 10-75% ‘Useful illumination range 3 lux to full sun 

• Duty cycle 1 sec per min. • Servicing intervals 10 h of real time 

• Recording format VHS • Video format NTSC 

• Integral recorder, tape duration five days 

The camera was mounted in a metal enclosure as shown in Fig. 1. The enclosure also 
contained the AC adapter providing conversion of mains power to 12 V DC. The enclosure 
was painted white to reduce solar heating and lightly insulated inside to reduce thermal 
conduction between the electronic equipment and the metal shell, which was expected to 
heat to temperatures exceeding 40°C in full sun. The interior was then ventilated with a 
small fan. The net result was an interior air temperature 35-37°C midday. Since the interior 
temperatures were always above ambient, the 75% limitation on humidity appeared not to 
be a problem. Humidity within the enclosure was never measured, but no malfunctions 
were observed. On a few occasions, drops of water were seen inside the box after rain, pre- 
sumably propelled there by the ventilation fan or wind (in spite of complete sealing around 
the door and window). 

The enclosure was mounted on the roof of the northern radar hutch. Fortunately, this 
convenient roof location very near the radar beam did not seem to be subject to excessive 
radio frequency interference from the transmitter. The camera was pointed roughly east- 
ward in a fixed direction, except for a brief time. (On 15 January at 1740, Darwin Civil 
Time, it was pointed NNW (315°). On 16 January at 1823 DCT it was returned to the 
original orientation.) 1 Our previous observations suggested that most often storms and 
squall lines, especially in the late afternoon and evening, could be seen approaching from 
this direction. 


1 Darwin time is 9.5 hours ahead of UTC. 


3 



Clothes dryer vent cover 


Glass window 


0 

H 


T 

<r 

±. 

T 

± 



t 


1: ■ * ir f Irvjk/ 1 

fa ri 

*c : 

Mm* 

V 

camera. J 

^ V — 1:J 


air flow 

Camera and adapter are mount- 
ed on tower slides to facilitate ' 
access to tape and contols 



f air flow (vent hole) 


Met be able to extract 
camera from box to 
operate control* then 



replace in same orientation. 


Monitor 

21/2" color TV 
with video input 


□ 


Require about 50' of computable video cable with matching connectors 
and the same abocr>t of US style AC cord. 



Fig. 1. Enclosure and mounting of video camera 
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A fixed elevation angle of 17° provided a narrow band of landmarks on the horizon. 
Elevations from 0 to 34° were thus visible. For a given focal length lens, the time a weather 
system can be observed is maximized by observation at a low elevation angle (Le. when it’s 
far away). 

Power (117 V AC, 50 Hz) was provided by a weather resistant extension cord and 
video was returned on a parallel coaxial video cable, both passing through a small opening 
at the bottom of the window in the radar console room. The video signal was visible to the 
operator on a 2.5" color monitor. 

It was surprisingly easy to correlate the cloud images on the horizon with approaching 
echoes visible on the radar. However, the 45° horizontal field of view was sometimes a dis- 
appointing limitation, as storms rather frequently arrived from sectors to the south of our 
view. 

C. Operation 

The regimen for operation was generally as follows. Reset the camera into time lapse 
mode, noting time and tape counter. The latter was both a means of determining that the 
camera had been operating and anticipating an approaching tape change. Approximately 
ten hours later, by watch, or absence of image on the monitor, these steps were repeated. 
The last reset of each day was usually done late enough to insure operation through the 
night. After about five days, but actually based on the time remaining on the tape at reset 
as displayed in the view finder, a fresh tape was installed. 

D. Data 

The camera was operated from approximately 0525 DCT time on 11 January 1990 un- 
til midnight 22 February 1990. There are missing data segments. Obviously there are not 
useful nighttime images. On a few occasions the tape expired or a resetting of time lapse 
mode was required during intense rain when it was inadvisable to open the camera enclo- 
sure. Power interruptions caused the camera to turn off. If an operator were present this 
would be easily noted on the monitor, but the higher priority tasks of restarting the radars 
and computer would be completed first. Moreover, restarting required a trip to the roof 
exposing one to the danger of lightning, which would be an additional cause for delay. 

Auxiliary data was required to determine exact pointing directions. Panoramic pho- 
tographs of the horizon were obtained. A topographic map at 10,000:1 scale, a vertical 
aerial photograph at about 5,000:1 and data on the location and height of a prominent 
communications tower were secured. In addition, during the February observations, the 
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camera was usually activated before sunrise to obtain images of astronomical bodies (sun, 
moon, Venus). The on-tape time annotation in these images and the time differences 
logged between this clock reading and a standard time signal has been used with ephemeris 
generating software to determine the orientation of the camera in both azimuth and eleva- 
tion. Thus, the video images can be used in a quantitative manner to determine the az- 
imuth and elevation of a cloud feature. These can be associated with specific radar echoes 
which provide range information, with the obvious limitation that nearby clouds may ob- 
scure more distant ones. 

The data are valuable qualitatively and quantitatively when echoes are not present 
also. This is especially obvious when viewing the time lapse tapes at normal frame rates. 
The 60x acceleration makes rates of cloud development, changes in cloud development or 
type and motion very evident. Unfortunately, we have not succeeded in quantifying much 
of the information in these images. 

The video tapes, as mentioned previously, are easily duplicated for other investigators 
who may be interested in them as auxiliary information for the radar data. In January 1991 
we sent a copy of one tape to Dr. Toshiro Inoue of Japan’s Meteorological Research Insti- 
tute at his request. Dr. Inoue is primarily interested in the interpretation of GMS images. 

IV. Special Observing Periods 

Each experiment in the TRMM/BMRC Darwin Project consisted of three or four 
special observing periods (SOP’s). Each SOP, in turn, has had a special focus. Depending 
on the focus, the schedule for operating the NOAA/TOGA radar was altered more or less 
extensively from surveillance observations (the TRMM mode) toward intensive observa- 
tions. 

Usually the intensive mode has involved a second C-band Doppler radar. This radar 
belongs to the Massachusetts Institute of Technology. It was situated at Koolpinyah Sta- 
tion, some 28 km east-northeast of the NOAA/TOGA radar. With this configuration of 
radars, high-quality dual Doppler observations were possible in lobes extending roughly 50 
km to the north of the base line between the radars (the sea sector) and 50 km to the south 
(the land sector). 
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A. SOP-2 


In January 1990 there was an SOP (the second of the 1989-90 experiment) concerned 
with thunderstorms. The scan schedule adopted for SOP-2 struck a balance between the 
TRMM mode and a dual Doppler mode. It did this by insuring (in a nominal sense) one 
NOAA/TOGA base scan every 20 minutes, even during the most intensive dual Doppler 
operations. 

Other instruments also sampled the atmosphere during SOP-2. Apart from routine 
synoptic observations at Darwin airport (both surface and rawinsonde), the most signifi- 
cant of these were automatic weather stations and a profiler. The weather stations mea- 
sured some combination of temperature, humidity, pressure, rainfall and wind. The pro- 
filer measured vertical velocity. 

SOP-2 ran from 0900 on 8 January through 1700 on 29 January. Dr. Tom Keenan 
managed the SOP. He was assisted by Mr. Graham Bois, Dr. Brad Farrier and the senior 
author of this report. 

Subjectively, we summarize Darwin-area (total) cloud cover, rainfall and lightning for 
SOP-2 in Fig. 2. In this summary for any of the three variables three states are possible. 
For rainfall and lightning the states are "nil", "some" and "much". For cloud cover the states 
are "nil or little", "some" (up to 50%) and "much". States were assigned for each variable on 
a day-to-day basis through the SOP. They depended as much on eyes and ears as on any of 
the project instruments. 

The SOP began with two days of afternoon and evening thunderstorms. Thereafter, a 
strong monsoon set in. Cloudy, rainy weather, with occasional squalls (but no lightning), 
persisted through the rest of the first week. Thunderstorms returned early on the first 
morning of the second week, when a small cloud cluster formed over and west of Darwin. 
The three-day dry spell that ensued was broken on Thursday (the 18th) by an intense, 
southwestward-moving squall line. More thunderstorms, with heavy rain, formed Saturday 
(the 20th); otherwise, the last part of the second week was relatively dry. The final week of 
the SOP began spectacularly with a string of three squall lines on successive evenings. The 
dry spell which followed these squall lines was broken late Sunday (the 28th) by a squall 
line with tops to 21 km, the highest observed during this SOP. 

Through SOP-2 the NOAA/TOGA radar performed nearly flawlessly. Except for 
two breakdowns during the third week, the MIT radar also performed well. 
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Fig. 2. Summary of lightning, rainfall and cloud cover in the vicinity of Darwin through the 
period of SOP-2. Eighth-days are 3 h in length. The first corresponds to the period midnight to 
3 a.m. DCT on 8 January. Scales of 0, 1 and 2 on the ordinate of each plot correspond to nil, 
some and much. 


During the first day of its operation the camcorder demonstrated a sensitivity suffi- 
cient to register nighttime lightning. Because tape was a minor cost and in any case in am- 
ple supply, thereafter we tried to maintain observations around the clock. Interruptions 
were rather frequent the first week, but became fewer as various problems were ironed 
out. Down time for the SOP was about 15%. The figure is the same whether day or night 
operation is considered. On two occasions we backed up the skywatch camera with 35 mm 
photographs taken from a balcony of the Marrakai Apartments in Darwin. 
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B. SOP 2.5 — An Extension of SOP-2 

Because of the scientific staffing noted above for SOP-2, it was decided that project 
resources could be better spent by extending the period of special observation, rather that 
having extra staff present for the scheduled SOP. Because of the diurnal cycle of rain near 
Darwin, a work schedule 0600 to 2200, with a late morning break of 1-2 hours was followed 
by the second author while in Darwin. This covered most of the interesting cases occurring 
during the period (1 February through 21 February 1990). One regrettable exception was a 
nighttime storm which formed unexpectedly over Van Diemen Gulf. 

General weather conditions at the beginning of this period included a cold front pen- 
etrating unusually far northward (afternoon temperatures in Alice Springs 22-24 °C). This 
air bore considerable suspended dust, raised as the front passed over the desert regions of 
south central Australia, and which remained suspended as the front reached north central 
Australia. This situation seemed, however, to have no direct effect on the character of rain- 
systems within radar range of Darwin, which continued to be dominated by land-sea breeze 
effects to the north and solar heating to the south. 

The scientist’s role is to maximize the observations of the interesting storms, without 
compromising the standard TRMM PPI and volume scans. This means choosing a 
promising storm, setting up sector scans, and RHI scans to follow it. These require con- 
stant adjustment, so that this role is not a trivial or passive one. The storms which were of 
particular interest in this case were those which would appear to be approaching the west 
coast from the east while still well developed. Previously ( Le . in 1989) we had observed that 
the vertical structure of the storms changes with such apparent rapidity near the coast, that 
great care would be required in applying the results to the interpretation of passive mi- 
crowave rain retrievals. 

Much of the TOGA radar environment in Darwin is quite representative of maritime 
continent conditions. It is dominated by coastal effects to the north, including land-sea 
breezes on Melville-Bathurst Islands and Coburg Peninsula as well as various points of land 
on the mainland (e.g. Cape Ford). In addition, Van Diemen Gulf can, at times, act like the 
enclosed body of large lake with consequent "lake storms." 

On the other hand, storms to the south and east initially have no obvious coherent or- 
ganizing influence, seeming to respond randomly to the intense diurnal heating. Typically 
echoes first appear around noon and increase in frequency through late afternoon. About 
1800, possibly due to the weakening of the sea breeze front, the two types of storms (sea 
breeze and solar heating) seem to come into collision, with the resultant formation of short 
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lines of cells and squall lines which converge on the Darwin vicinity from the NE to SE sec- 
tor, often with a great crescendo of electrical activity about 2100. The lines often die rather 
suddenly as the systems reach the coast, leaving only a mantle of very light "stratiform" rain 
which then slowly dissipates. 

A variation on this theme is illustrated by the RHI scans in Figs. 3a-f. In this case, 
from 16 February 1990, convection formed on a point of land, or cape, along the coast in 
the early afternoon. Presumably this was a response to sea breeze induced convergence. 



Fig. 3a. Storm of 16 February, 1990 at 1340, 
azimuth 261°. Darkest shade is 42 dBZ or 
greater, intermediate shade 18 dBZ or greater, 
lightest shade is -6 dBZ or greater. 


Fig. 3b. Storm at 1430, azimuth 244°. 


Fig. 3c. Storm at 1510, azimuth 252°. 


Fig. 3d. Storm at 1540, azimuth 258°. 


Fig. 3e. Storm at 1610, azimuth 260°. 


Fig. 3f. Storm at 1640, azimuth 260°. 
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The figure suggests that maximum vigor was reached around 1510 Darwin time. 

Near the "head" of the storm the Doppler velocity pattern shown by the radar gener- 
ally indicates two levels of relative forward motion sandwiching a layer of weak (relative) 
rearward motion, or at some observation times diminished forward motion. The example 
in Fig. 4 demonstrates that Doppler patterns at a specific time may be quite complex. 
However, as one would expect, the uppermost layer of cloud is swept rearward quite 
strongly. Interestingly, for the case illustrated there is low level out flow both to the front 
and rear. 

At earliest times the storm as a whole seemed motionless, but by after 1340 was prop- 
agating seaward, though still over land. By 1640 it formed part of a line-form disturbance 
rapidly losing strength over the Timor Sea. As shown in Fig. 3f, there is a decrease in 
maximum height and area of echo >40 dBZ. Finally, also as shown in panel f of the figure, 
there is a brightening in the anvil region (18 dBZ corresponds to rain rates somewhat un- 
der 1 mm h* 1 ). 

Fig. 4 Doppler velocity pattern in 16 
February 1990 storm southwest of Darwin at 
1510 local civil time (2340 UTC). The 
triangles indicate the inferred motion based 
on the radial component. The dashed line 
divides "toward" from "away” velocities. 
Darker shades indicate higher speeds. 

On at least five days, cases similar to 
that outlined above occurred and, with 
special data sets which were acquired, are suitable for study of the land-sea transition 
effect. This was one of the priorities of this observing period. In addition, numerous dual 
Doppler data sets of interest to other investigations were obtained in cooperation with the 
MIT radar at Koolpinyah. 

V. Garand Algorithm 

Even though it was designed to recognize clouds, the classification algorithm of 
Garand (1988) is capable of predicting the point probability of precipitation. In a modified 
form (Garand, 1989; personal communication, 1991), the algorithm provides not just a 
probability, but an estimate of rainfall as well. 

From a survey of 3 h Geostationary Meteorological Satellite (GMS) image pairs cov- 
ering the third SOP of the 1988/89 experiment, we chose a day (2 February 1989) upon 



which to test a Garand rain algorithm. Digital GMS data were on hand. From Goddard 
Space Flight Center we acquired the NOAA/TOGA radar data matching these GMS data. 

Garand’s algorithms operate on full-resolution visible and infrared image pairs of the 
GOES. The code had been written for SSEC’s Man-computer Interactive Data Access Sys- 
tem (McIDAS) in 1984 and 1985. For the present project it had to be restored to McIDAS 
and adapted to the GMS satellite. Because of changes to McIDAS subroutines, this task 
proved to be beyond the resources of the project. 

The restoration of Garand’s cloud classification algorithm to McIDAS is in progress 
and will be completed under a separate project. The installation of his rain estimation al- 
gorithm on McIDAS is contemplated, also under a separate project. Given either of these 
algorithms, the test planned for the 2 February case can be run. 

As a complement to the GMS images upon which the Garand algorithm was to have 
operated, we requested LAC data from AVHRR on NOAA 10. (LAC stands for Local 
Area Coverage; AVHRR, for Advanced Very High Resolution Radiometer.) The Na- 
tional Environmental Satellite, Data, and Information Service recorded a total of 42 scenes 
during the period 9 January through 27 February 1990. These scenes are listed in the Ap- 
pendix; the data are available from NESDIS’ Satellite Data Services Division. We also re- 
quested LAC data for part of the 1990/91 wet season, during which the Bureau of Mete- 
orology operated the NOAA/TOGA radar. From 2 February through 31 March 1991 
NESDIS recorded a total of 25 scenes. These also are listed in the Appendix. 

VI. Warm Rain 

Keenan and Carbone (1989) notwithstanding, in the astonishment of witnessing one 
of Darwin’s twenty-kilometer-tall cumulonimbus clouds, it is easy to overlook lesser forms 
of convective rain clouds and rain clouds which (although extensive) are not really convec- 
tive at all. The paper of Keenan and Carbone emphasizes the range of convective modes 
which exists at Darwin. Forecasters are aware of more or less strictly stratiform modes as 
well (e.g., see Downey and Ward, 1985). In north Australia, as in West Africa (Omotosho, 
1985), these are often referred to as "monsoon" rains (Garden, 1985). A case of such mon- 
soon rain is shown in Figs. 5 and 6. 

At 1731 on 14 January 1990 a vertical scan (RHI) of the NOAA/TOGA radar along an 
azimuth of 315 degrees showed broken precipitation out at least to 110 km (Fig. 5, lower 
panel). This precipitation was almost entirely confined to the layer below 8 km. Reflectivi- 
ties were low (mostly less than 35 db); however, echoes were quasi-cellular up to a height 
of 5 km. 
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Fig. 5. Range-height indicator (RHI) scan of the 
NOAA/TOGA radar in Darwin, along an azimuth of 
315 degrees. The scan was made at 1731 on 14 January 
1990. For each panel the abscissa is range and the or- 
dinate is height. At left is 0 km range, at right 110 km. 
The vertical scale is exaggerated relative to the hori- 
zontal. The thin horizontal lines above the baselines of 
the velocity (above) and reflectivity panel (below) are 
at 5 km altitude. In the top panel white is 0 to 1.88 
m/s. Progressively darker shades are centered at 3.7, 
7.5, 11.2 and 14.5 m/s. The dashed line divides the ve- 
locities directed away from the radar in the upper lev- 
els of the echo from the velocities directed toward the 
radar in the lower levels. The bottom panel shows re- 
flectivity, in dBZ. Depending on the choice of Z-R 
relationship, 30 dBZ corresponds to a rain rate of 1 to 
6 mm/h. The darker echoes are mostly 30 dBZ, but a 
few very dark areas indicate 38 dBZ) 



Fig. 6. Plan-position indicator (PPI) scan of the 
NOAA/TOGA radar at an elevation of 0.8 degrees. 
The scan was made at 1752 on 14 January 1990. On 
the left is Doppler velocity; on the right, reflectivity. 
Coding of the gray scales is the same as Fig. 5. To the 
left of the dashed line the velocities are toward the 
radar, to the right away from the radar. The maximum 
range (bounding circle) is at 112 km. Significant clutter 
extends outward from the radar a distance of about 15 
km. 


A horizontal base scan taken 21 min- 
utes later (Fig. 6, right panel) showed 
some rain along almost every azimuth. 
Rates were low — of the order of 
millimeters per hour. However, out to 
distances of 100 km or more, rain covered 
a tenth to a half of each quadrant of the 
radar. 



Fig. 7. Print of the scene recorded by the video 
camera at 1741 DCT on 14 January 1990. The 
camera was pointed due east at an elevation of 17°. 

Through this period, looking east 
from the radar, the skywatch camera 
recorded overcast skies (Fig. 7). Both stra- 
tus and cumulus types were present 
(fractostratus, low stratus and altostratus; 
also, fractocumulus, cumulus and stratocu- 
mulus), with stratus types tending to be- 
come dominant. Conditions reported at 
Darwin’s airport, a few kilometers to the 
northwest, were much the same: stratus or 
fractostratus under altocumulus. 


ORIGINAL PAGE IS 
OF POOR QUALITY 



The Bureau of Meteorology sounding for Darwin at 1930 DCT is shown in Fig. 8. 
Five kilometers corresponds to the 0°C isotherm. At 8 km the temperature was -18°C. In 
a 2-km layer centered near 5.5 km the sounding was saturated. Above 7 km the air became 
progressively drier. For this sounding the lifting condensation level was low and the level 
of free convection was high (0.6 and 4.5 km, respectively). 

In terms of temperature the 1930 DCT sounding was not drastically different from 
the January mean sounding for Darwin. Four and one-half kilometers was a critical level. 
Below it the 1930 sounding was cooler than the mean; above, warmer. Significantly, in the 
mean sounding as well as in the 1930 sounding, there is a stable layer extending upward 
from the 4.5 km level. 



Fig. 8. Sounding of 1930 14 Jan- 
uary 1990, plotted as heavy solid 
lines. Drybulb temperature is 
on the right; dewpoint tempera- 
ture on the left. Also shown (as 
a dotted line) is the January 
mean temperature sounding for 
Darwin and (as dashed lines) 
two moist adiabats. 


From the observations we conclude that the clouds of the 14 January rain system ex- 
isted in a mildly (statically) unstable layer, that they intruded from below on a weak stable 
layer and that the bulk of each precipitating cloud was warm. From literature reports and 
the mean sounding we further conclude that at Darwin rain systems of this kind are by no 
means exceptional. 
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The following implications, which are based in part on RHI scans not shown here, are 
of a more speculative nature. First, precipitation in this case was dominated by warm 
(condensation/coalescence) processes. Second, significant amounts were present. Third, 
this rain would have been invisible to any infrared technique employing a threshold lower 
than 253K. Fourth, it would barely have been visible to any passive microwave technique 
employing scattering. Finally, there is a further implication (which gains credibility not so 
much from the present set of observations as from historical observations such as those of 
Sakakibara (1981) and List et al. (1988); also see Houghton (1985), Jameson and Johnson 
(1990) and the review by Cotton (1982)), namely, near Darwin significant rain may fall 
from clouds which have no ice phase whatsoever. 

VI. Concluding Remarks 

SOP-2, from January 1990, featured a remarkable variety of rain systems. Instru- 
ments, including the NOAA/TOGA radar, performed well. 

We have demonstrated that a commercial video camera can easily be adapted to 
monitor clouds in a single quadrant of the sky at a radar sited in the tropics. The Univer- 
sity of Wisconsin skywatch camera shows promise of filling a gap between the view of rain 
systems afforded by a ground-based radar and the view afforded by an operational geosta- 
tionary satellite. 

Nothing in our experience prepared us for the sense of discovery which accompanied 
our stints in Darwin. Coming home our briefcases were stuffed with maps, charts and ta- 
bles; with notebooks and crude catalogs; with half-finished case studies. For this report we 
have reviewed the notebooks and polished the catalogs. Regrettably, the case studies re- 
main half-finished. 
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